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^ ^s^-^^ 5^1- Sfe s]-i- o]^ ^AA^ ^1=^ Af^s]^ °M ^ 

^AVs|.-.o] Lii+xMn2-xO4(0<x<0.12)S] ^ol4. 

^^^'='11 ^^ll*]-^ It.-i- ^iTl^sf ^Aloll nl^o^ -§.^, ^ -§-^^ <^J;^>^ ^^1-^ 
£ 1 
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^7]^^^ ^^^0] t}^^ {METHOD FOR PREPARING 

LITHIUM MANGANESE SPINEL OXIDE HAVING IMPROVED ELECTROCHEMICAL PERFORMANCE} 

^ ^^711- Af-g-tV ^A-1t}- la!)-S., MH ^^SlAj^oll 451- ul-B^-^fl 7^o]t^, 

S. 2^ ^^li 1^ MH ^]^^ <^]^^°J-^> ^c]-^(Mn)^ €^>7> 

(valence)^! MH ^^sj^l^Hl 4^ ^^1" M-^l-vE ^^14. 

£ 3^ ^Al<^l 151 MH ojAi-s^nj-^v oi^].o^ ^Aj.^ q-E}'^ 500 «11 

^4^^1^(SEM) ^^^^l^. 

S. 4^ ^^]<^] 1^ m o]AV3^nj.:^>o^ oj^j. ^^i-o. L}^^ 500 «11 ^i:fl^l 

n^4^^1^(SEM) 4^<^14. 

£ 5fe -M^].^! 1^ MH ^^e] ^-^^ o]AVs|. nj-^v oj;^|.o] ^ ^il- M-Bl- 

£ 6^ ^^1^1 1^ MH ^^el^l^Hl tt)-€- MH ^^eltb ^^1- 4-§-*M el#'?J- 

^ ■ ^3 | igrt] . iiiaiiai ^ai# ugj - va ^^m. ^ 

el.#t]-^V>:5i] 15] ^(tap)^HSl ^sl-l- ^oicf. 

£ 8^ ^^l^^l 1, ^A1<^1 2, ^ .v]mL^3] ^-IJ-^ ^A^i- i4b1-^£ ^ojcf. 
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S. 9^ ^A]Q}1 1, ^Ajo^l 2, ^ tijilK^l^ ^d^l ^^^^ 14^^ 

£ 10^ 7l^l-g-§- ^^7](mechanofusion mi 11)1- S-<^^^S ^-2.5., 

S^^Jl 1^ ^^^^tH (mixing chamber ) , 2^ ^^w^ ^ (chamber wall)<^lt^, 3^ 

B| (external heater)*^]!^. 

<12> [A><^^1- o]-§-«.o]:] 

<13> ^ ^Vtg^ Slf- O]^ 2^} ^^1^ 'a^^ €1-^5. Af-g-S]^ ^3X]ii ^2:0] 

elf- 'S-^V ^^^VSl-l-ol Lii+xMn2-xO4(0<x<0.12)5] ;(11s«j-^<^l ^^m. 

<14> [^sfl 7]^] 

<15> ^^7> 4 V(voltage)tl e^f" elf-°l^ 2^} ^^l-§- <^c^^ ^^flA-l 7}^^ 

^e). 4-§-s1fe LiCo02 Sl-t#<^14. ^fl^L^ J17H^ ^'a-^l^i 

nfl^oll ^leoll^ 4€ ti-^<^l ^^7> ^«S5lJl ^4 

. I1^<^1A^H silf- °M ^^<L>S}-l-S. rf^sjl ^sl- Lii+xMn2-xO4(0<x^0.12) s}- 

7>^j- #«s^^l-7il Ji 7i]5L ^M-oiq-. 

<16> ^Efl$l ^3^1 ^^o] e)# nj-^V ^^AV^^o^ ^^^^o^'^^ °c]-^>5|-^l-4 H]f-W 

1-^ S^^joll ^^^<H ^^^V ^ Ji^<^lA-l t^e^s^H "^^4. ^1-^^^ ^1 
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5.718,877^<^1 ^4 ^o^*V ^3X]-|# ^ <^^]^ ^^^o] 7]^^S\o] 

91^, ^^(R.J. Gummow Solid State Ionics, 69, 59(1994)<Hl ^2:1- 7}^ 

sf^l-^ LiMn204^ 3^^"^% ^tl:^^] Lii+xMn 2-x04<^lH ^o] o 

O.SS^'}^! ^^f-^S ^2,^ oj^c^, SJ:^! #71-^01] u^^A^ ^7\7}7} 4 

oil 7]-^7H^^lD^ ^^^T^2:7l- 

<i7> ^^^1 elf- ^j-tb ^^^^ "i^y} ^^"i 2i 

°-^^^^<=^l ^^^^ "a^l- ^7l7V^ P>ola.^DlEi(j:/Dl) f]^?] 

<?j^>7> ^'H^^-. ^ISltl og^].^ z]- og^].o^ ^7ls^-«}-2j S^^o] -f^^>4 ^7]E} 

S. <a^>^ ^^^S, ^(tap) ^ -g-^Hl i^t]: ^^^^ ^^^<^1 M-MH ■ 

^12: ^^^^oHlAi ^^11- 9X7] nfl^o]] ^xjo^ 

4-§-S]7l^ <H^cf. o}:^ 4-§-5]7l 2:^> ^^7.}o] a7l^ 10-25 

<18> 5le<Hl^ -SSi-^, ^^1 ^^I'ipsl- °J-^(EMD; electrolytic Manganese Dioxide) 
^ti^l- ^<^1 ^^'i^ ^^^^^n oXo]A] S^^o] ^^o^^j 

SO42-, Cr, NH4+ 7lBf ol^)ol ^^11^>J1 $14. <^lslt!: Ir^l-l-^ 

Lii+xMn2-x04^ ^^"i ^^1-* ^7l t^^s] l-^l- ^7m^ ^ 
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1- oj^jl l^j-^i 5>7ll 5]7l nfl^oll 5]# Sfe 5^f- o]^ 2^> ^ 

A] s^l-o] ^f-i- tfl^S ^^V^H ^^'a ^ ts]^>^ ^^^^ ^ 

^} ^^"^l 5^1-5^ o]^^ ^MS. ^^J- 0^5} 5l#3l- ^^^■S}'^ o]^^ 

^ ^^^^^ 7j-<g7loi]A-l ^V^^B:i(acid treatment) <§7l^^e](base 

treatment)!- ^ojcf. A>^^e] ^s. 4^.9] ifl^ofl ^^l]^>^ 

^1^ ^S. ^iTl^l-^ «o^^o]ji, <g7l^^e] ^^^^ 711^2] ^^d\] ^4^}^ ^± 

oil 711^2] ifl^S. ^^e>c^ gi^ofl ^iA]^ ^ ^^o] 4s 

1- ^^]^] -t ^ ^y^^ 9X^. 

<20> ^S. 7]lS.7> 2^Jl 01^ cfs ^^1^^ nj-^V Oj^].o) 2^]- -g-^^l^l ^>S-ol4. 

^^^^^ ^^^iSt] %^o] nJ-^V og^o^ T^oj ^tfl^ ^4. 4s]- 

Ai >;3r]t og44 s;i$|-7l ^^HA^fe ^^o] ojAV^nj-^V 0]4o^ ^.^1-^ S^^H 

W. ^^IS. A>-g-5)^ o]AV5}.nj.:^>£ 7l^]2l ^ifll- ^>-§-^>^t11, 
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o] 3.7]] ^^dltU] Ht> H^l- Sfe e]l-^l^ ^^IS^ ^I2:sr>7l €^ 

♦ ^l-fe lt<=l ^iTlSlJl, Sa^^]-^ ^^o] >i3tll ^iS] elf- °j-^> ;^1^-§- 

i ^1:^5)^, ^^^^ ^^^'^l 7)1^51 '^J-^v^^l-^ ^o^^> ^s-s. Af-g-^} 

<23> SEtb ^ ^^^^ 4€- ^2^^ >^V7] ^l^tiJ-^-^S 4^^^ l^^^l 

71]^^ '?^^>si-^l-s.^B^ -S^ *J=^>€ Blf- °j-^v ^ 

<24> [4^11- gMg]-7l ^tl- 
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<29> ^^^V^ 2:^*}^ ^^1 

<30> ^ i^^i-^ ^J-^^s^-ti-^ ^IS^J-'^^ ^l^W. 

<31> SEt!: ^ "^^^ ^2:0^ s:]f. nj.^> ^^^^-S^-l-S] ^Hl^^J-^ i 9X'=>]^^ , 

<32> a) i ) °J-^>2^^1-i 71^1^ ^4 <i<^lM^ll- °ol-^>S)-^l-^ 

<34> -g.^^ oj^^o] S^i^l-fe ^7111- iWfe "J-^-^S. 

<35> "J-^l-^^l-; ^ 

<36> ii) £]f-2l-1J-l- 

<37> ^ ^^^>^ ^^1 ; ^ 

<38> b) ^1-71 a)^7jlollA-1 ^^1 

<39> 1- ^^t}^ all- ^^-arsl-l- ^^^^i^ ^]2i^^'^^ 

<40> ^Vx^ o. 

<42> 41-7] %^^o] 

^^^-i- ^^^1-^ ^^]«- if-^m «J-^-2.S. ^ 
ii) H^#5^^1- 



<44> 
<45> 
<46> 
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<47> ^ ^ ±^^t}^ ^^11- 42i^^ ^511 ^2:^ 511- ^j- 

<48> [3]- -§-] 

<49> ^ ^vi^^ s^f-o]^ 2^> ^^]^ -y^^ W^S. 4-§-^l-^ :i5X]l ^ss] elf- ^^7^ 

^^AV^l-oll ^<HA^, °J-L>5^^i-* 71^1^101 ^4 loflui^ll- 7HM S^^> 

i ^^PV^ ^171*>J1, ^]7l^ °o^^>SFtl-^ ^SS. ^2:0] slf- 

^s.^H ^isslfe Bli- Ell-ol^ 2^> 

<50> 7]^]^0] ^4 <iollui^ll- 7}t}^ ^ ^e^^'^H^i^ 'MH ' 

^ 7lE]- ?]«^V 7>^t!- 

^ Sife ^olT3^, o]s. «?1*H ^J-^S}-^!- ^J-^>(Mn)2] €^>(valence) 



no 1 A 
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<54> ^2^m ^-Sfe o]A>2].nj.^>o] ^47>1- ^-^S., MH ^^e^f- 

§^fl*m <^1^1-<=>1 «cJ-#^^ °J-^>^ ■€^}7>7> ^7M7] 

<55> . £ 33f £ 4^ MH ^^e) ^-^^ olA].5^nJ-;^> ol;,^o^ Z^Z^-o^ ^Aj-^ M-Ef\fl 

^0.5., ^^vo] 3711 ^5}^^^ ^ $14. 

* <56> i 5fe MH ^-^^ ^1'L>2^°c}-^> ^^^}^ 3.7] ^ a7]^il- '?]£^'^7lS. 

^4S., 'a^^ A>-§-^].7lofl 2 ^> °g^>5^ 371^ ^^S\o] o;i^^ o^v 

<57> ^ ^1^0] o]s]-^ MH ^]^^ ■i-'^Cball mill). ^^'iCattrition mill), ^IS^ 
(jet mill), ^43^2171 (centrifugal mill) ^4 ^<^] S^44 S^'H] ^^-g-^-l: 7> 
t $1^ ^^l-^l 7><i^>^ll- s.;g^v ^j-^l<^l ^ 014. ^1 ^^-§- 

^t]4i -§-^^ 7HH ^fl^ ^ ^^}^ ^tl- ^7>Al7lJl, 

^ 7>^;5l ^"^-IIM^m 1-^<^1¥^ ^^Aj^ji^A^ fl«v>.^ oi^ ?]^M?14. 

<58> ^V7l ^^14 4^^*!: 4€- 7l7jl-§-g- ^^7l(mechanofusion mi 11)4^ S. 
^ ^Ai-^li^i 4-§-l> <5J<^14. ^1 °tJ4<^l. 
^^ 7]^]^9l ^4 44°^]^i -gr^l- ^^it ^ ^^^^ ^l^.^^, ^14^ 

i,4i- 44ifl$i4. ^^t}^ ^J-^s^-^l-<5l ^t^^tH(i)oii ^j-oj 

£14, ^^^m ^^«1^(2)* 44 ^4444 4^^^! 4^ 4*]-4^^i ^ 
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<59> ^ ^^r^d\] $X<^^, ^M-S. "o^^>Sl-^l-^ ol^>^'^J-^H1 91^^^^ o] 

^2|-"M(Mn02; EMD; eletorlytic Manganese Dioxide), ^]^S\-''^^iUn02' CMD; 
chemical Manganese Dioxide) ^<=>] Si^il, ol^qofl Mn203, ^ Mn304£ a>^« ^ 

<60> Aj.7] nj.:7V^^f.oil 7M^]^ 7l;^l^'^l 0.1~1000 dyne/cnf -§-^^J^>^ 

200 r 5. ^d^it}^ ^o] y>^3]^M, o] ^ji). ^o]lui;^]7]- 7}^^]^ Aj^V^ 5 ^ ^fl^l 5 
^l^H w}t^*}4. 5 ^1^^ ^Ij-^W^J M^-^fl^i <^1^ 

<61> ^1-7] MH ^^o\] olo^A], ^^s^l- -g-ol^>7fl £4^^ 2:^11- ^ SX^^ , 4^ 

Z^]S. LiOH, LiOH-H20, LiCHsCOO, LiCH02, LiCH02-H20, LiNOs , ^ 200 

•C ol3r}o] ^^^^ ^v- Mn(CH3C02)2, MnCNOs) 2^ ^jE]- S^tl-^ <^ll:^ ^ 
^i-ojcf. o] 2:;^lo^ ^^7]-^^ ^^elS]^ ^o^^^S}-^!-^ 0 ^A 20 ^^%7> ti>^3]*l-4. 

1 elf- °M LiHxMn2-xQ4(0^x<0.12)^ ^Is^j-^'^l] Sl^j , ^7] ^ 

^^^^ ^<=>1 

<63> ^1-71 600-800 °Co]lL, 5-30 Aj^Vo] ti>^3i€r>i:f. 
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<64> H cf€- "^^^ ^^'■i Blf- ^^<y:5}-l-^ elf- 

^^1 ^IS^ 511- ""^^ Wl- ^^e^^, £^^15. ^^(graphite)l:, 1 

^^5115. PVDFCpolyvinylidenedifluoride)!- 4-§-3^>:fl, NMP(n-methyl 

pyrrol idinone) -g-^Hl -g-^fl^l^^ ^^]^^ ^]2it}ji, o] ^e^e^f- <a:^Dl^ j^o^ofl tflo] 

# ^ 2^} ^-g-^>^4. ^l^^l 42:^ ^^1^ ^211^ MH M^t}^] 

<65> ^1-71 ^Ajo}] ^ ojiiK^]!- :f^H ^ ^oMl^Ml ^, ^^1<^1^. ^ 

<66> [.^Ajc^]] 
<67> ^ Ajg^] 1 

^ <68> ^^:^^^^$\ MH ^^el) 

<69> ^$11 olAV2j.ni-:^(Mj;j02)(EMD; electrolytic Manganese Dioxide) ^^<^] ^4^}^ ^ 
^1:^*1-71 MH ^^511- *>^4. ^, Mn02 ^S. ^7l]l- ^1%=§U. £ 5-^1 3.^ 
M-Bl-^fl 7]7j] ^^7](mechanofusion mixer; Hosokawa4 AM-15)<^] 

<70> <^1<L>^''J-LH1 Sl^H^i, MH ^^Blt!- <y^> tfl<^l ^^11 
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^^^T^ "^21^^)^ Ml- MH ^^el^l^V-^l 4€- ^5}-S. £ li 

<7i> Mn^ €^1-7K valence)* MH ^^s]a1'^Voi1 S. 2<H1 L^E^-iflSJcf. 

<72> i£t> MH ^^B] ^-^^ "^^^Y^ ^^^4 SEM 4^^S. H 3 ^ £ 4i ^B^-iflji, 

<73> ^^o] elf- Tfls) 

^ <74> ^o^oflA-l TllS^ MH <^1^V5|-^J-^ ^^Sl-2]l-^S}-l-(LiOH-H20)^ 

Mn/Li 1-^171- 0.538<5l S^^fo^ €^^>S4. 

<75> %^t}7]] 400-500 'C^ 5. ( furnace 7 Aj^V ^oy 

'^^^t\<^^. olnll A>^^ ^^7l^ ^7lo]4. 
<76> -1^^217]- ^4^1^ ^ ^^^^ t!-^ ^^§1- 

<77> o]^7\] 750 S.^]^^ ^7] ^^7l §H1 2 ^} 'm^t}c^ ^^^^} 

A 

<78> 42^^ ^^01] oio^A^, o]^s^^^7^9] MH ^^elAj^Hl 4^. w^sj-l- 

. . 

(^-t ^-g- ^ '^7F) ' ■"■ ■ ■■ " 

<80> >^o^7j>1lA^ 5]f- °J-L> ^^^a sl-^l- ^^-i- A>-g-el-o^ 

;H1S^>5I4. £^^15.^ ^^(graphite)^, l^t^lS^ 



1019990058066 2000/7/2 

PVDFCpolyvinylidenedifluoride)!- 4-§-^>^^, , £^^1, ^ ^^^1^^ u]^^ ^ 

^tijS. 85 : 10 : 5^ ^>^4. 
<8i> ^7.] ^^^11- NMP(n-methyl pyrrol id inone)i -§-^^1^ ^, ^ 

<82> ^aiell- ^^^^1^ ^^^<H] Eflojn ?i]^^(tape casting) «j-^-^LS 3.^^ 

^, 130 ?lS7]oilA-1 2 Al^> ^o> :^^t}c^ o^^^ 

♦ <83> -S-^ollfe ^^^=^4 ^"^tl ^mtV ^, e^f-o] 

^ 2^f ^^^Efl^ €(coin celD-i- :^]^^}<^v^. ojnfl Aj-g-tV LiPFe 1 

1- -§-*-^<^l^, ^«fl^-^^ <^11€n:atilolE (ethylene carbonate; EC)^ <^llt7il^^f:atilo] 
S(ethylmethyl carbonate; EMC)7f ajS. 1 : 2<y ^^-§-5^^ 4-§-^l-5^4. 
<84> [LiMn02/LiPF6 (1 M) in EC+ 2EMC/Li]S. ^■''^^^ 

^7^1-5^4. -^M ^-"o^^ ^^^^ '^^^ -§-%=^ 3.0-4.5 VS., 

^•^^^^^ ^7}t ^-f<^l^ 3.4-4.3 '^^i^i ■^^1*>^4. 
^ <85> ^.aj.^ £ 8<^1, ^^^^j^ £ 9<^1 

<86> ^Ulej] 2 

<87> {^S. ^cJ-?>5l-^#^ MH ^^e)) 
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<9i> ^15^ >;5Xll ^^Hl ^<HAi, ojAV^ni-^ ^ ^^ejAj^Hl n].^ ^ ^3^o^ 

<92> (OJ:^ ^o.^ ^ MA.^ 3g7|.) ., 

• <94> f^.tij-^ i 8<^1, S. 9<^1 

<95> tJ]iiIo^] 

<96> (i:4^i 5l# ^^^>2]-#^ 

<97> MH ^^1- ^l^^fJlfe 14 ^<^it}7]] ^ 

# 'iV^V :i:41* ^1S^>^4. ' 
<98> (o^^ ^l-^ ^-g. ^ 1^7].) 

^li 14 ^"im] ^^11- ^7}M: *}^4. 

<ioo> ^-ij-^ ^^^^ E 8<^1, ^"^^^^^ £ 9<^1 q-Eftflsicf. 

^1015 # ^ol-^^S^^i- Oli B]^ ^ch^^ 



OC1 o 
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1] 

[^^•t 2] 

^1 1 %H1 Sl<H^i, 

LiOH, LiOH-H20. LiCHsCOO, LiCH02, LiCH02- H2O, ^ LiNOs ^ 
B]fl-<^; ^ 200 'C <^]t\$] ^fe^* ^^fe Mn(CH3C02)2, Mn(N03)2^S. <^]^o]^ 
n 1 ^ ^d^S]^ S^ll- ^7]-Al^ 7]m f 4 <ioilui^ll- :^Aloi] 7>e>fe nJ-:L>2)- 

''^^l ^J-^sl-^-i-ol ^«fl olAi.s^nj.;^V(Mn02; EMD; eletorlytic Manganese Dioxide), 
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s[^ o1^Sl-^J-<1-(Mn02; CMD;. chemical Manganese Dioxide), Mn203, ^ Mn304S. 

^11 2 *oHl Slo^A-l, 

^1-71 7H^]^ 7];^]^oi 0.1-1000 dyne/ciif <^1jl, 7>^^]^ ^^fli-i^^l^l ^£ 
^ '^^^ 50-200 r^lJl, 7H;<l^.Al^^ 5 ^ 5 ^J-^sj-^l-s] 

61 

a) i ) °J-L>2}-t#<=^l 7l7jl^ ^olf ^oIlM^ll- ^A]o11 7HH ^J-^>2f^#2l 
-§-^€ 'a^l-^ S^*>^ ^^11- ^^t}^ ^^^^S. 42,S\^ 

ii) elM^l- 



OC_1 o 
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a)^7j] ^^^s^^^o] ^J-^>2}-^l-o)l LiOH, LiOH-H20, LiCHsCOO, LiCH02, 

LiCH02-H20, ^ LiNOs ^ ^ 200 °C ^l^l-s^ ^^^-^ Mn(CH3C02)2. 

Mn(N03)2-^S. o]^c]^ 1 ^ ojAj- ^^^^ ^^]^ ^7H^ 7]7jl^ ^4 <i 

^. 

9] 

^1 6 »1 7 ^<^^i. 

^^7l a)^7jl i )5] ^c}-^3]-^#ol olAi-5^nj-^V(Mn02; EMD; eletorlytic 
Manganese Dioxide), s]-^^ «^l-t!-^'c]-^(Mn02; CMD; chemical Manganese Dioxide), Mn203, 

^ Mn3045. o]^o]^ ^^S\^ 'l>^>2j-f-l-^ elf- 

[^^^1^ 10] 

. 6 ^> ^1 7 t)-o^1 ?io^A-1 

aj'd/ll i )^ ""cr ^H^^¥°ir7F^^^ dyne/ciii' -^:l3rr- 
7l-*fl^l^.4'^1^"^^l^ "^^^ 50-200 tolZL, 7M7]^ Al;^>o. 5 « ifl^l 5 Aj^V 
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6 ^} Hfe 7 1>H1 9X^^], 
^^7] a)^^l ii)^ ^^s[^^o] LiOH, LiOH-H20, LiCHsCOO, LiCH02, LiCH0 2-H20, 

12] 

^ ^1 6 7 -^Hl 

^oM b)^^]^ ±^^^S.^ 600-800 Vo]jL, 5-30 Aj^o] 5:1^ 

13] 

ii) ^^m^^ ■ ^ 
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